General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



(NAS A-TH-74835) LACIJE: WHEAT YIELE KCDELS 

FOB THE UN1IIE STATES, HEVISICS A (NASA) 
tl3 p HC A02/HF A01 CSCL 02C 


f 


LACIE-00431 (REV. A) 
JSC-11656 



CROP INVENTORY 


NASA NOAA USDA 


WHEAT YIELD MODELS 
FOR THE 
UNITED STATES 


AUG IS? 7 

RECEIVED 

NASA STI FACILITY 
INPUT BRANCH 


Motional Aeronautic* and Space Administration 

LYNDON B. JOHNSON SPACE CENTER 

Houston, Texas 


JUNE 1977 


1 


DOCUMENT 
PREPARED 3Y 

NOAA PERSONNEL 

CENTER FOR CLIMATIC AND ENVIRONMENTAL ASSESSMENT 
COLUMBIA, MISSOURI 

TECHNICAL NOTE 77-1 

YIELD MODELS FOR THE UNITED STATES 
APRIL 1977 



Authorized by 
Norton D. Strommen 
Director, CCEA 
June 10, 1977 


■ {• ~ tR 


nn| '’-lM4T 


lu Ar>ct 


CCEA Crop/Weather Models for the Great Plains Region 

Crop/weather models for /heat have been developed for the Great Plains 
region of the United States. The enclosed maps indicate the areal coverage 
of the various models for spring (durum and other spring) and winter wheat 
(Figures 1 and 2). The given regions are the combination of several 
climatic divisions and many times comprise an entire state. 

Data Base 

The yield and climatic data base used to derive all of the models but 
one is approximately 45 years in length. The yield data, from 1932-1975, 
are obtained by aggregating the USDA/SRS estimates of harvested acreage 
and production to obtain yields in quintals per harvested hectare for a 
given region. The climatic data, from 1931-1975, consist of the NOAA/EDS/ 

NCC monthly climatic division averages of precipitation and temperature. 

These averages are weighted, using acres harvested for 1973, to obtain the 
monthly average temperature and total precipitation for a given region. The 
data base for the Edwards Plateau model covers the same time period except 
in the coastal border and south central districts where only the period 
1961-1975 is used. The data are not weighted. 

Trend of Yields 

A piecewise linear curve is used to model the technology trend. The 
year 1955 is assumed to be the approximate time at which wheat yields started 
to increase rapidly. This is consistent with the fact that little fertilizer 
was applied to wheat in the Great Plains region prior to the early 1950 's. 
There is significant evidence that for some regions wheat yields have leveled 
off in recent years. For example, Oklahoma yields appear to have rapidly 
increased from 1955 to 1960, but have shown little or no increase from 1960 
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Figure 1 
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onward (Figure 3) . Therefore, the models use one linear trend up to 1955 
and one or more linear t rents from 1955-1960. 

Climatic Variables 

The relationship between wheat yields and certain climatic variables 
is known to be non-linear. For example, too little or too much precipita- 
tion may be detrimental to wheat yields. In order to approximate this 
relationship, the climatic variabj'-s are coded in terms of departures from 
normal (DFN) and squared departures from normal (SDFN) . Here normal is 
defined as the long term average of the climatic variable over the entire 
length of the historical data base. 

For months in which both temperature and precipitation appear to make 
important contributions to wheat yields, an aridity index is constructed. 
Temperature is converted into potential evapotranspiration (P.E.T.) using 
Thornthwaite ' s method, which requires only the monthly average temperature 
as the climatic input. The index is computed either by subtracting monthly 
P.E.T. from monthly precipitation or by dividing monthly precipitation by 
monthly P.E.T. 

Wheat yields are lowered when the crop is subjected to episodes of hot 
dry weather during the heading stage. The variable "degree days above 90°F M 
is used during the month or months which most closely approximate the time 
of heading in a given region. It is obtained by averaging the degree day 
values for several stations within the region. The actual number of degree 
days is converted to a stress index (0-1 variable) by defining stress (=1) 
to have occurred if the degree day value exceeds a predetermined threshold. 
Otherwise, it is assumed that no stress (=0) has occurred. 

The write-ups for the various models, listing the variables and 
coefficients, are included at the end of this report. For use in forecasting 



yields throughout the crop season, truncated models are given in which 
regression coefficients are estimated using only climatic variables through 
a given cut-off point. For example, if the time of truncation is March, 
the coefficients are estimated using only the climatic variables through 
the month of March. 

Note that the variables change among the various models. Since wheat 
yields have continued to increase in some states, while apparently leveling 
off in others, different choices of trend lines are used' to represent the 
technology curve. Because of changes in the crop calendar from state to 
state, the climatic variables used in the model also may vary. 

The Texas Edwards Plateau model uses the combined yield for the 
coastal border and south central districts. These yields are separate 
independent observations in the same model. Allowance is made for a shift 
in yield level between the two combined districts and the Edwards Plateau 
district. The response to meteorological inputs is assumed to be the same. 
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APPENDIX I 

CCEA Great Plains Crop/Weather Models 



Region 

Tvne of Wheat 

1 . 

Badlands (Nebraska/South Dakota) 

Winter 

2. 

Colorado 

Winter 

3. 

Kansas 

Winter 

4. 

Minnesota 

Spring 

5. 

Montana 

Winter 

6. 

Montana 

Spring 

7. 

Nebraska 

Winter 

S. 

North Dakota 

op ring 

9. 

Oklahoma 

Winter 

10. 

Panhandle (Oklahoma/Texas) 

Winter 

11. 

Red River (Minnesota/North Dakota) 

Spring 

12. 

South Dakota 

Spring 

13. 

Texas Low Plains 

Winter 

14. 

Texas Edwards Plateau 

Winter 
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SDFN = Squared Departure from Normal Yields Based on 1932-1975 

Yields Measured in Quintals per Hectare Meteorological Normals Based on 1931-1975 


